The objective was to investigate the yield and chemical composition of 50 essential oil samples isolated from leaves and flowers of Tetraclinis articulata harvested in eight locations (coastal township and highlands) of Tlemcen Province (North-Western Algeria). Essential oil yields varied drastically from sample to sample (0.03 to 0.86%, w/w). No direct correlation was observed between the yield and the altitude of the harvest areas. The oils consisted mainly of monoterpenes: α-pinene (9.2-56.5%), bornyl acetate (1.2-45.1%), camphor (0.5-40.3%), borneol (0.2-12.9%), limonene (3.6-12.5%), and myrcene (1.6-9.7%). Sesquiterpenes were represented by germacrene D (up to 14.2%) and (E)-β-caryophyllene (up to 13.3%). PCA analysis of the data allowed the distinction of two groups within the samples. The composition of group I (9 samples) was dominated by camphor, (Mean = 30.9%) followed by α-pinene (M = 19.1%) and bornyl acetate (M = 11.4%). Group II was divided into two sub-groups. Samples of sub-group IIA (8 samples) contained mainly α-pinene (M = 45.4%). Samples of the largest group IIB (33 samples) were characterized by similar contents of α-pinene (M = 28.2%) and bornyl acetate (M = 24.5%) and the occurrence of camphor to a lesser extent (M = 10.0%).
Tetraclinis articulata (Vahl) Masters (Cupressaceae family), also known as Callitris quadrivalvis Vent. or C. articulata (Vahl) Link, is widespread in North Africa, although it is also found on the coast of southeastern Spain (region of Cartagena, where only a tiny relict population remains) and in Malta (where it is endangered) [1, 2] . In Morocco, it is present from the north of Rif to Anti-Atlas and in the region of Ifni. In Tunisia, it is found between Bizerte and Zaghouan. In Algeria, it is present in some isolated stations to the west of Algiers, but overall it is widespread in the northwestern part of the country and particularly in Tlemcen Province [2] . Therefore, the valorization of this plant may be undertaken under various aspects, including the industrial production of essential oil.
T. articulata is a shrub or a small tree. The branches are flattened, green and articulated. The leaves are arranged in opposite decussate pairs, forming apparent whorls of four. The cones are glaucous, pruinose and tetragonal [1] . T. articulata, commonly known as "Ahrar" [1] , has been used in folk medicine against respiratory and intestinal infections, gastric pains, hypertension and diarrhea, and to treat fever (leaves, aerial parts). It has been used as a diuretic, antipyretic, anti-rheumatic and oral hypoglycemic [3] [4] [5] . In parallel, various biological activities have been reported for extracts and essential oils (seeds, leaves, aerial parts) such as cytotoxic [6] [7] [8] , vasorelaxant [9] , antimicrobial [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , antioxidant and antiinflammatory activities [21, 22] .
The essential oil of T. articulata is obtained by hydrodistillation of different parts of the plant (leaves, twigs, branches, cones, roots, wood and sawdust) and its composition has been widely investigated. Results are summarized in Table 1 :
-Concerning the composition of Moroccan wood sawdust, two types of essential oils could be distinguished: those whose composition is dominated by oxygenated sesquiterpenes [23, 24] and those whose composition exhibited a phenol derivative among the main components [17, 18, 25, 34] .
-A cone oil sample and a seed oil sample from Malta contained mainly α-pinene and limonene [26] , while Tunisian cone oil contained various components at appreciable contents [27] . The composition of a root oil sample from Tunisia was largely dominated by camphene [27] .
-The composition of twig and branch oils of T. articulata differed from country to country. Moroccan oils contained mainly α-pinene and limonene [10, 28] . Woody and non-woody oils of Maltese origin, isolated from terminal branches, differed slightly in their contents of α-pinene, bornyl acetate and camphor [26] . In contrast, Tunisian woody and non-woody oil samples from terminal branches exhibited substantially different compositions [27] .
-Various works reported on the composition of T. articulata leaf oils. All the investigated oil samples were characterized by the occurrence of monoterpenes as major components. However, several compositions were observed with respect to the contents of the three principal components, mainly α-pinene, camphor and bornyl acetate [11, 24, 28, 30, 31] . A needle oil sample from Canada contained also 3-carene and β-myrcene among major constituents [29] . A Tunisian oil sample (as well as the SFE extract) displayed a high content of linalyl acetate beside α-pinene [32] .
Concerning T. articulata growing wild in Algeria, the composition of few essential oil samples have been reported. Two cone oil samples were characterized by a high content of α-pinene, followed by limonene [19] , as already found in Malta [26] . Algerian T. articulata leaf oil contained high to fair amounts of bornyl acetate, α-pinene and camphor [19, 22] and more scarcely borneol [33] .
Finally, T. articulata leaf oils isolated from leaves collected in the Province of Tlemcen (Western Algeria) exhibited a similar behavior. Leaves of T. articulata collected at Ghazaouet yielded an essential oil characterized by a high content of bornyl acetate, a very low amount of camphor, and the absence of α-pinene [15] . Camphor and bornyl acetate were the major components of an essential oil sample from Ouled Mimoun, accompanied by borneol [33] . Finally, a quite different composition was observed for another essential oil sample isolated from aerial parts in Oujlida, dominated by α-pinene beside cedrol and -3-carene, while the content of bornyl acetate was significantly lower and camphor was totally absent [20] .
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From this overview of the literature two points should be highlighted: i) the composition of T. articulata essential oil has been widely investigated and various compositions have been reported for essential oils isolated from different parts of the plant; moreover, the contents of major components varied drastically from sample to sample; ii) In contrast, all the investigations concerned the analysis of only one or two oil samples (for every part of the plant) and therefore, the composition is not representative of T. articulata essential oil of a given country. This is particularly important for leaf oil, which is the more appropriate for industrial purposes, as leaves are a sustainable resource. So, the purpose of the present study was to characterize the essential oil isolated from aerial parts (leaves and flowers) of T. articulata growing wild in the Province of Tlemcen (Algeria) where this plant is widespread. For that purpose, fifty oil samples have been isolated from plants harvested in eight locations and analyzed. The 50 compositions have been submitted to statistical analysis in order to determine if T. articulata produces homogeneous oil or if there is evidence of chemical variability. We will first report on the detailed analysis of one essential oil sample that has been carried out by a combination of chromatographic and spectroscopic techniques and then on the statistical analysis.
Chemical composition of a selected oil sample:
Sample 45 was submitted to GC on two columns of different polarity ([GC(RI)]. The compounds were characterized from their retention indices and 13 C NMR spectra, following a method developed in our laboratory [35] [36] . In total, 35 compounds were identified, accounting for 97.5% of the whole composition ( Table 2) . Identification of 17 out of 35 components was ensured by 13 C NMR in that sample. Moreover, six other samples have been analyzed by GC(RI) and 13 C NMR and the identification of five other constituents has been confirmed by NMR. The composition of sample 45 was dominated by α-pinene (23.6%) bornyl acetate (20.7%) and camphor (17.3%). Limonene (9.5%), myrcene (3.8%) and camphene (1.1%) were the other monoterpene hydrocarbons present in appreciable contents. Major oxygenated monoterpenes were represented by borneol (2.7%), α-terpinyl acetate (1.5%) and camphene hydrate (0.9%). The most important sesquiterpene hydrocarbons were: (E)-βcaryophyllene (4.7%), α-humulene (1.3%) and germacrene D (1.1%). Finally, caryophyllene oxide (2.3%) was the major oxygenated sesquiterpene. 922  932  945  966  972  982  1006  1010  1013  1023  1037  1049  1074  1080  1105  1123  1124  1133  1150  1162  1173  1271  1333  1377  1419  1451  1471  1477  1494  1507  1515  1571  1595  1616  1626   1015  1015  1065  1123  1112  1161  1149  1181  1271  1202  1250  1245  1436  1283  1488  1514  1680  1591  1694  1597  1691  1579  1691  1491  1595  1665  1684  1704  1723  1753  1755  1976  2032  2057 The essential oil yields (w/w) calculated from dry material, varied drastically from sample to sample, ranging between 0.03 to 0.86%, even within a location (0.04%-0.75% in Ghazaouet, for instance) ( Table 3 ). According to these results, there is no direct relation between the yield of essential oil and altitude. Indeed, similar yield mean values (around 0.30%) have been calculated for Ghazaouet (42 m), Souk Tlata (497 m) and Aïn Kebira (779 m). The highest mean yields were obtained for Honaïne (165 m, 0.42%) and Beni Khellad (408 m, 0.51%). In contrast, two stations located at the same altitude (Sabra, 495 m and Souk Tlata, 497 m) exhibited very different yield mean values (0.13% and 0.31%). With the objective of industrial production, it could be suggested that plants harvested from 40 to 400 m produced more oil (yield = 0.30-0.51%) than those collected in the highlands (500-1200 m, yield = 0.13-0.31%).
All 50 samples were submitted to GC(FID) analysis and retention indices (RIs) of individual components were measured on two columns of different polarity. Among them, 7 samples, selected on the basis of their chromatographic profile, were also analyzed by 13 Monoterpenes were the main constituents of all samples (57.1-95.4%). However, the concentration of the three major components varied drastically from sample to sample; α-pinene (9.2-56.5%), camphor (0.5-40.3%) and bornyl acetate (1.2-45.1%) ( Table 4 ).
Other monoterpenes present in appreciable contents were myrcene (up to 9.7%), limonene (up to 12.5%) and borneol (up to 12.9%).The main sesquiterpenes detected were (E)-β-caryophyllene (up to 13.3%) and germacrene D (up to 14.2%). The eight major components are reported in Table 4 . A combination of hierarchical clustering dendrogram ( Fig. 2) and principal components analysis (PCA) (Figure 3 ), in which the plan defined by the two first axes described 89.5% of the total variance of the population, suggested the existence of two principal groups, which were distinguished on the basis of α-pinene, camphor and bornyl acetate contents. In parallel, group II was divided into two subgroups IIA and IIB. Taking into account the compositions of the investigated 50 oil samples, and the results of the statistical analysis, it could be emphasized that wild T. articulata from Tlemcen Province is suited for the industrial production of essential oil. For instance, essential oil samples with chemical composition similar to that of the main group have been reported to display antibacterial [11] , antioxidant and anti-inflammatory activities [21, 22] . In parallel, the occurrence of bornyl acetate in appreciable content confers a pleasant odor. However, with respect to the large diversity observed in the yield of essential oil, even within a location of harvest, it would be necessary to select the plants providing the best yields.
From our study, it could be concluded that the essential oil isolated from aerial parts (leaves and flowers) of T. articulata growing wild in the Province of Tlemcen (Algeria) exhibited a composition dominated, for two-thirds of the samples, by -pinene and bornyl acetate in comparable amounts. Camphor and limonene were also present in appreciable amounts. The compositions of the remaining oil samples were dominated either by -pinene or by camphor. 
Experimental

Esssential oil distillation:
Crushed leaves and flowers were submitted to hydrodistillation for 2.5 h using a Clevenger-type apparatus. Yields have been calculated from dry material.
Analytical GC: GC analyses were performed on a Perkin-Elmer Clarus 500 gas chromatograph (FID) equipped with two fused silica capillary columns (50 m x 0.22 mm, 0.25 μm film thickness), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal at 220°C for 20 min, injector temperature: 250°C; detector temperature: 250°C; carrier gas: helium (0.8 mL/min); split: 1/60. The relative proportions of the oil constituents were expressed as percentages obtained by peak area normalization, without using correcting factors. Retention indices (RI) were determined relative to the retention times of a series of n-alkanes with linear interpolation ("Target Compounds" software from Perkin-Elmer).
GC-MS analysis:
The essential oils were analyzed with a Perkin-Elmer TurboMass detector (quadrupole), directly coupled to a Perkin-Elmer Autosystem XL equipped with a fused-silica capillary column (60 m x 0.22 mm i.d., film thickness 0.25 µm), Rtx-1 (polydimethylsiloxane). Carrier gas, helium at 1 mL/min; split, 1/80; injection volume, 0.2 µL; injector temperature, 250°C; oven temperature programmed from 60°C to 230°C at 2°C/min and then held isothermal (45 min); Ion source temperature, 150°C; energy ionisation, 70 eV; electron ionization mass spectra were acquired over the mass range 35-350 Da.
100.623 MHz for 13 C, equipped with a 5 mm probe, in deuterated chloroform (CDCl 3 ), with all shifts referred to internal tetramethylsilane (TMS). 13 C NMR spectra were recorded with the following parameters: pulse width (PW), 4 µs (flip angle 45°); acquisition time, 2.73 s for 128 K data table with a spectral width (SW) of 220 000 Hz (220 ppm); CPD mode decoupling; digital resolution 0.183 Hz/pt. The number of accumulated scans ranged from 2 000 -3 000 for each sample (around 40 mg of oil in 0.5 mL of CDCl 3 ). Exponential line broadening multiplication (1.0 Hz) of the free induction decay was applied before Fourier transformation.
Identification of components:
Identification of the components was based: (a) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation (Target Compounds software of Perkin-Elmer), with those of authentic compounds (b) on computer matching with laboratory-made and commercial mass spectral libraries [35] , and (c) on comparison of the signals in the 13 C NMR spectra of essential oils with those of reference spectra compiled in the laboratory spectral library, with the help of a laboratory-made software [36] .
Data analysis: Principal Components Analysis (PCA) and
Hierarchical clustering (Ward's method) were performed by Xlstat (Adinsoft, France).
